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We study the effect of a hidden charm nuclear excited state N* s in the n~p -A reaction near 

threshold using an effective Lagrangian approach. We calculate the background contribution of the 
t and u channels by the D*° vector meson exchange and £+ + intermediate state, respectively. We 
show that the consideration of a 7V* g resonance provides an enhancement of the total cross section 
close to the reaction threshold. We also evaluate the differential cross section for different energies 
and we study the angle dependence. It is expected that our model calculations will be tested in 
future experiments. 
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I. INTRODUCTION 


The study of the hidden charm sector has been a very 
active field lately with many studies involving interac¬ 
tions of meson-baryon or meson-meson EH2- In particu¬ 
lar the _/V* g (4261) resonance is predicted in many models 
including the meson-bamm interaction [§j, [§] or heavy 
quark spin symmetries [10|. The role of those states in 
the production of charmed hadrons is a new field that 
requires an exhaustive study because new facilities will 
have enough energy to generate those particles. One ex¬ 
ample is the pion beam experiments at J-PARC where 
the energy of the pion is expected to be over 20 GeV a 
and therefore, it is sufficient to produce those hidden 
charmed baryons at J-PARC. In the near future the J- 
PARC in Japan will be one of the efficient facilities in 
which to study the predicted baryon states dynamically 
generated from the meson-baryon interaction with hid¬ 
den charm. 


The effective La gran gian approach has been success¬ 
fully used in Ref. 12] where three N* resonances are 
included to reproduce the 7r~n ■-A K °A reaction near the 
threshold and also in Ref. [13[ which is a study about 
the role of the A+(2940) state in the 7 x~p -A D~D°p. 
In Refs. ® [TfJ , it was found that the ./V* g (4261) cou¬ 
ples mostly to DT, C , and it could be considered a DT, C 
bound state that, however, decays into the opened chan¬ 
nels r] c N and J/tpN. In Ref. [!|, the production cross 
sections of the iV* g (4261) resonance in the pp -A ppri c 
and pp -A ppJ/'f> reactions were estimated. In Ref. |14j . 
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the W* g (4261) resonance is considered in the ir~p -A ij c n 
reaction, where a clear signal is expected in the total 
cross section of the n~p -A p c n reaction. Huang et 
al. [lj|, studied the photo-production of this iV* g (4261) 
resonance and they found that it is difficult to search for 
the Al* g (4261) resonance in photo-production because of 
the very large background. 

It has been found in previous works fltil ITsl that states 
below the threshold of a process can generate bumps close 
to the threshold, leading to claims of resonance above the 
threshold of the reaction studied; hence, we expect that 
if the iV* g (4261) state is created in the n~p scattering, a 
strong signal in the D _ £+ production should be visible 
close to the reaction threshold. 

In this work, we study the role of the hidden charm 
nuclear excited state A* g (4261) (= N* s ) in the n~p -A 
D _ £+ reaction close to the threshold using the effec¬ 
tive Lagrangian approach. In addition to the contribu¬ 
tion from the s channel hidden charm N* 5 resonance, 
the background contributions from the t channel D*° ex¬ 
change and the u channel £+ + exchange are also consid¬ 
ered. We calculate the total and differential cross sections 
of the 7 x~p -A D~£+ reaction near the threshold. 

This article is organized as follows. In Sec. II we 
present the formalism and the procedure in our calcu¬ 
lations. We give the results and some discussion in Sec. 
III. Finally in Sec. IV we give some conclusions. 


II. FORMALISM 

We study the n~p -A D ~£+ reaction using an effec¬ 
tive Lagrangian approach as in Ref. |l3j and in many 
other works |19i 133 ]. We want to study the effect of the 




2 


hidden charm IV* g (4261) resonance in the cross section 
of the n~p —> £>“£+ reaction. To see the effect of this 
resonance has on the total cross section, we consider the 
background of the reaction. As shown in Fig. [T| we are go¬ 
ing to include (a) the f-channel mediated by a D*° vector 
meson exchange and (b) the it-channel considering a £+ + 
state as an intermediate state. We include the s-channel 
assuming the creation of a N* s state in the process, as 
shown in Fig. [He). 

To evaluate the diagrams shown in Fig. [I] we use 
the effective Lagrangian densities of the interaction ver¬ 
tices. We use the Lagrangian densities of D*Dtt T, c pD*, 
N* s Nn , N* S T, C D, DNT, C , and 7r£ c £ c as follows, 


£ D *Dtt = gD'DnD* 11 (Dd p n - nd^D ), (1) 

£s cP d* = + h.c., (2) 

C-N^N-k = — gN‘NTrN*nN + h.c., (3) 

f n* e t, c d = ~ 9 n*y, c dN* DH C + h.c., (4) 

£dny. c = —igDNX c N~/ 5 DY, c +h.c., (5) 

£ttE c £ c = -^E c E c S c75 7r£ c + h.C.. (6) 


From Ref. 3 we have a prediction for the partial de¬ 
cay width of the iV* g (4261) resonance to the nN channel, 
r (N* e nN) = 3.8 MeV. We can get the coupling con¬ 
stant, gwNn, from the formula of the partial decay width 
of the ,/V* g (4261) resonance to this channel, 
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with pn being the three-momentum of final proton in the 
rest frame of the _/V* g (4261) resonance. Using the value 
Mtv* = 4261.87 MeV for the mass of the V* g (4261) res¬ 
onance, we get a coupling of g^NN* =0.1. In Ref. 0 
there is a calculation for the coupling of the 7V* g (4261) 
resonance to the DT, C bei ng c/ iv^.n = 3.13. In the case 
of gD*D tt , as done in Ref. [l3|, we assume the same par¬ 
tial decay width as for D*° —> with a coupling of 

go-o-K = 14.1. 

Furthermore, the coupling constants gs c ND * = —7.8, 
9dny, c = 2.69, and g n s c -E c — 10.76 are determined from 
SU (4) invariant Lagrangians 0,[H,[34| and SU(3) flavor 
symmetry HHHH in terms of g^NN = 13.45 and g P NN = 
6. We list in Table [I] also the mass and spin-parity of the 
other related states in our calculation. 

The evaluation of the diagrams of Fig. |T] using the La¬ 
grangian densities shown above, leads us to the following 


TABLE I: Parameters used in the present calculation. 
State Mass (MeV) Spin-parity (J p ) 


7r 

139.57 

0“ 

p 

938.27 

1 + 

2 

D~ 
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0“ 
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2 

u*° 

2006.96 
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amplitudes for the t , u and s channels, 
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where pi and pf are four-momenta for the initial proton 
and final £+, respectively. In the above equations, Mt 
corresponds to Fig. OJa), and M u and M s correspond 
to Figs. ID (b) and |T| (c), respectively. In the equations 
above qt(i = s,t,u) represents the four momentum of 
the particle exchanged in each of the channels. In the t- 
channel qt is the four-momentum of the D*° which corre¬ 
sponds to ql = (p n ~pd ) 2 equivalent to the Mandelstam 
variable t , for the u-channel q u is the four-momentum 
of the £+ + being ql = ( p — ps c ) 2 or u, and for the s- 
channel q s is the four-momentum of the iV* g (4261), and 
9s = (,Pk + Pp ) 2 — s is the invariant mass square of the 
7 r~p system. 

Besides, we need to add form factors for the hadrons 
since they are not point-like particles. In the case of the 
D*° meson, we use the form factor used in Refs. HTtI Pi~()l | 
as follows 


F D *{q 2 t ,M D ,) 


A£. ~ M 2 d , 
A z>* - 9t 


(13) 


In the case of the baryons, we use another form factor as 
done in Refs. [djJ E3 


F B(ql x ,M) 


A 4 

A% + (ql- M*) 2 


(14) 


where M is the mass of the exchanged baryon ms c and 
and q ex is the exchanged four-momentum of each 
baryon. In our study we use all the cut off parameters 
A = Ad» = As c = Ajv* = 2.5 GeV to minimize the free 
parameters. 

The differential cross section in the center of mass 
(c.m.) frame for the n~p —> D“£+ reaction is calculated 
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FIG. 1: Diagrams considered in the n p —> D E+ reaction. 


using the following equation 


da 

dfl 


da _ w Se m p 2 

27rdcos6» 32 t r 2 s *- p ^d-y.+ \ > 

(15) 


where AI 7r _ J3 ^£ ) _ s + = AI t + Ai u + A4 S is the total scat¬ 
tering amplitude of the 7r ~p —> D~ £+ reaction, and 9 is 
the scattering angle of the outgoing D~ meson relative 
to the beam direction, while p^™' and p c D m ' are the 7r“ 
and D~ three momenta in the c.m. frame, which are 
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where A is the Kallen function with A(x, y, z) = (x — y — 
z) 2 — 4yz. 


7 r p system comparing the effect of including or not the 
./V*g(4261) resonance in the total scattering amplitude. 



III. NUMERICAL RESULTS 

In this section, we show our theoretical results for the 
total and differential cross section of the n~p —> D _ £+ 
reaction near the threshold. We have evaluated the dia¬ 
grams of the n~p —y £>“£+ reaction with a D*° exchange 
in the t channel and with £+ + as an intermediate state 
in the u channel. Those diagrams provide us the back¬ 
ground of the reaction where we can see the effects of 
the _/V* e ( 4261) resonance under the threshold, then we 
are able to compare the effect in the cross section. In 
Fig. [5] we show our numerical results for the total cross 
section as a function of the invariant mass W = y/s of the 


FIG. 2: Comparison of the total cross section of the n~p —> 
D“£+ reaction: (solid line) total cross section including 
A* e ( 4261), (dotted line) cross section of the background (t and 
u channels) and (dashed line) cross section for the s channel 
[2V*c (4261)] only. 

As we can see in Fig. [21 the dotted line shows the 
cross section of the background including the t channel 
mediated by the exchange of a D*° meson and the u 
channel where £(!~ + is considered an intermediate state. 
The dashed line includes only the contribution of the s 
channel process with the iV* g (4261) resonance; we can 
see the important contribution of this state to the total 
















4 


cross section of the n~p —> D _ E+ reaction close to the 
reaction threshold where there is a clear enhancement. 

In addition to the total cross section, we present in 
Fig. [3] the differential cross section of this reaction de¬ 
pending on the scattering angle 9 for different energies. 
We show the results for W = 4.35 GeV (solid line) be¬ 
cause this energy point is close to the peak in the total 
cross section and should be dominated by the s channel 
./V* g (4261) resonance. This is what occurs but we can see 
in Fig. [2] a small contribution of the background at this 
energy point. In the case of other energy points, with 
W = 4.45 GeV (dashed line) we have a mix of the back¬ 
ground and the s channel V* g (4261) resonance and we 
can see this effect in Fig. [3] where the dependence on the 
angle starts to be relevant. Finally, with W = 4.55 GeV 
(dotted line), the background almost dominates the be¬ 
havior and the dependence on the angle of the differential 
cross section becomes more important. This phenomenon 
with the clear threshold enhancement of the total cross 
section shown in Fig. [2] shows that the contributions of 
the V*-(4261) resonance and the background are sizably 
different. We hope that this feature may be used to study 
the _/V* g (4261) resonance in future experiments. 



FIG. 3: Differential cross section of the n~p —> D~ X+ reac¬ 
tion at different energies in center of mass frame: W = 4.35 
GeV (solid line), W = 4.45 GeV (dashed line) and W = 4.55 
GeV (dotted line). 


IV. CONCLUSIONS 


We have studied the total and differential cross sec¬ 
tions of the 7 r~p —> Z? _ E+ reaction near the threshold 
and the effects of the presence of a N* s resonance. The 
background of this reaction is taken into account by the 
exchange of a D*° meson and E+ + as an intermediate 
state while we consider the s channel mediated by the 
./V* g (4261) resonance. We use an effective Lagrangian ap¬ 
proach to calculate the interaction vertices for the con¬ 
sidered diagrams and where the different couplings of the 
Lagrangians are determined using partial decay widths 
or SU(4) Lagrangian relations. The evaluation of the t 
and u channels provides us a background to study the ef¬ 
fects of the consideration of the _/V* g (4261) state. The re¬ 
sults of the total cross section show a clear enhancement 
close to the reaction threshold that could be observed 
in future experiments with pion beams. We also eval¬ 
uate the differential cross sections for different energies 
and we predict s small dependence on the angle close to 
the threshold but the dependence starts to be important 
as the energy increases and the background contribution 
becomes dominant. We hope that this study helps us to 
understand the results of future experiments at J-PARC. 


Acknowledgments 


This work is partly supported by the National Natural 
Science Foundation of China under Grant No. 11475227. 


[1] M. F. M. Lutz and C. L. Korpa, Phys. Lett. B 633, 43 
(2006). 

[21 W. Liang, M. Albaladejo and E. Oset, Phys. Rev. D 88, 
no. 7, 074027 (2013). 

[3] M. Albaladejo, C. Hidalgo-Duque, J. Nieves and E. Oset, 
Phys. Rev. D 88, no. 1, 014510 (2013). 

[4] C. Garcia-Recio, J. Nieves, O. Romanets, L. L. Salcedo 
and L. Tolos, Phys. Rev. D 87, 074034 (2013). 

[5] W. H. Liang, T. Uchino, C. W. Xiao and E. Oset, Eur. 
Phys. J. A 51, no. 2, 16 (2015). 


[6] T. Uchino, W. H. Liang and E. Oset, arXiv: 1504.05726 
[hep-ph], 

[7] C. Garcia-Recio, C. Hidalgo-Duque, J. Nieves, L. L. Sal¬ 
cedo and L. Tolos, arXiv: 1506.04235 [hep-ph]. 

[8] J. J. Wu, R. Molina, E. Oset and B. S. Zou, Phys. Rev. 
C 84, 015202 (2011). 

[9] J. J. Wu, R. Molina, E. Oset and B. S. Zou, Phys. Rev. 
Lett. 105, 232001 (2010). 

[10] C. W. Xiao, J. Nieves and E. Oset, Phys. Rev. D 88, 
056012 (2013). 







5 


[11] S. H. Kim, A. Hosaka, H. C. Kim, H. Noumi and K. Shi- 
rotori, PTEP 2014, no. 10, 103D01 (2014). 

[12] C. Z. Wu, Q. F. Lii, J. J. Xie and X. R. Chen, Commun. 
Theor. Phys. 63 (2015) 2, 215 

[13] J. J. Xie, Y. B. Dong and X. Cao, arXiv:1506.01133 [hep- 
ph], 

[14] X. Y. Wang and X. R. Chen, Europhys. Lett. 109, no. 
4, 41001 (2015). 

[15] Y. Huang, J. He, H. F. Zhang and X. R. Chen, J. Phys. 
G 41, no. 11, 115004 (2014) 

[16] D. Gamermann and E. Oset, Eur. Phys. J. A 36, 189 
(2008). 

[17] A. Martinez Torres, K. P. Khemchandani, F. S. Navarra, 
M. Nielsen and E. Oset, Phys. Lett. B 719, 388 (2013). 

[18] J. J. Xie, M. Albaladejo and E. Oset, Phys. Lett. B 728, 
319 (2014). 

[19] Y. Dong, A. Faessler, T. Gutsche, S. Kumano and 
V. E. Lyubovitskij, Phys. Rev. D 82, 034035 (2010). 

[20] K. Tsushima, A. Sibirtsev, A. W. Thomas and G. Q. Li, 
Phys. Rev. C 59, 369 (1999); [Phys. Rev. C 61, 029903 
( 2000 )]. 

[21] A. Sibirtsev, J. Haidenbauer, H.-W. Hammer and S. Kre- 
wald, Eur. Phys. J. A 27, 269 (2006). 

[22] B. C. Liu and B. S. Zou, Commun. Theor. Phys. 46, 501 
(2006). 

[23] O. V. Maxwell, Phys. Rev. C 85, 034611 (2012). 

[24] B. C. Liu, Phys. Rev. C 86, 015207 (2012). 

[25] J. J. Xie, B. C. Liu and C. S. An, Phys. Rev. C 88, no. 
1, 015203 (2013). 

[26] B. C. Liu and J. J. Xie, Phys. Rev. C 85, 038201 (2012). 


[27] B. C. Liu and J. J. Xie, Phys. Rev. C 86, 055202 (2012). 

[28] Q. F. Lii, X. H. Liu, J. .J. Xie and D. M. Li, Mod. Phys. 
Lett. A 29, 1450012 (2014). 

[29] Q. F. Lii, J. J. Xie and D. M. Li, Phys. Rev. C 90, no. 
3, 034002 (2014). 

[30] J. J. Xie, B. S. Zou and H. C. Chiang, Phys. Rev. C 77, 
015206 (2008). 

[31] J. J. Xie, E. Wang and J. Nieves, Phys. Rev. C 89, no. 
1, 015203 (2014). 

[32] J. J. Xie and J. Nieves, Phys. Rev. C 82, 045205 (2010). 

[33] W. Liu, C. M. Ko and Z. W. Lin, Phys. Rev. C 65, 
015203 (2002). 

[34] S. Okubo, Phys. Rev. D 11, 3261 (1975). 

[35] M. Doring, C. Hanhart, F. Huang, S. Krewald, U.- 
G. Meissner and D. Ronchen, Nucl. Phys. A 851, 58 
( 2011 ). 

[36] J. J. de Swart, Rev. Mod. Phys. 35, 916 (1963) [Rev. 
Mod. Phys. 37, 326 (1965)]. 

[37] J. He, Z. Ouyang, X. Liu and X. Q. Li, Phys. Rev. D 84, 
114010 (2011). 

[38] Y. Dong, A. Faessler, T. Gutsche and V. E. Lyubovitskij, 
Phys. Rev. D 90, no. 9, 094001 (2014). 

[39] Y. Oh, C. M. Ko and K. Nakayama, Phys. Rev. C 77, 
045204 (2008). 

[40] J. Haidenbauer and G. Krein, Phys. Lett. B 687, 314 

( 2010 ). 

[41] T. Feuster and U. Mosel, Phys. Rev. C 58, 457 (1998). 

[42] V. Shklyar, H. Lenske and U. Mosel, Phys. Rev. C 72, 
015210 (2005). 


